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[0017] An operation will now be described using Fig. 1. An 
FET can be switched between an ON state and an OFF state by 
controlling a voltage to be applied to a gate electrode of 
the FET as described in the conventional embodiment. First, 
the first FET and the second FET are turned on while the 
third FET 4 is turned off. If an FET is in an ON state, the 
FET has sufficiently low impedance, so that a high frequency 
signal passes through the FET. On the other hand, if the 
FET is in an OFF state, the FET has high impedance, so that 
the FET serves to cut a high frequency signal. Thus, in an 
equivalent circuit of an attenuator at this time, the third 
FET 4 can be regarded as an open end with respect to a main 
line connecting an input terminal 6 and an output terminal 
7. Accordingly, if the FET in an ON state has a 
sufficiently small resistance and is thus neglected, this 
equivalent circuit can be regarded as an equivalent circuit 
of Fig. 2(a) and thus serves as a passing circuit in the 
attenuator as a whole. 

[0018] Then, the first FET 1 and the second FET 3 are 
turned off while the third FET 4 is turned on. The 
equivalent circuit of the attenuator at this time serves as 
a T-type attenuator due to a first resistor 2a, a second 
resistor 2b and a third resistor 2c as shown in Fig. 2(b) if 
the FET in an ON state has a sufficiently small resistance 
and is thus neglected. In this case, the attenuation L is 
calculated at an equation 1 where Rl is the resistance of 



1 



the first resistor 2a and that of the second resistor 2b, 
and R2 is the resistance of the third resistor 2c. 
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2 



Searching PAJ 



1/1 ^— V 



PATENT ABSTRACTS OF JAPAN 



(1 1 Publication number : 09-046176 
(43)Date of publication of application : 14.02.1997 



(51)Int.CL 






H03H 11/24 






i . ■ 1 . 

(21 Application number 
(22)Date of filing : 


07-191947 
27.07.1995 




(71) Applicant : 

(72) Inventor : 


MITSUBISHI ELECTRIC CORP 
KASAHARA MICHIAKI 





(54) ATTENUATOR 
(57)Abstract: 

PROBLEM TO BE SOLVED: To facilitate miniaturization and the design by 
selecting the combination of on/off states of plural FETs to which resistors 
are loaded in parallel or in series so as to select the operation as a pass 
circuit or the operation for a T-shaped attenuator. 
SOLUTION: When a FET(fi eld-effect transistor) 1 and a FET 3 are 
conductive and a FET 4 is nonconductive, a high frequency signal passes 
through the FET when the FET is conductive and the FET interrupts the 
high frequency signal when the FET is nonconductive. Since the FET 4 is 
regarded as an open end with respect to a major line tying input output 
terminals 6, 7 in the attenuator equivalent circuit, the entire attenuator acts 
like a passing circuit. When the FETs 1 , 2 are nonconductive and the FET 4 
is conductive, the attenuator acts like a T-shaped attenuation circuit by 
resistors 2a-2c in the attenuator equivalent circuit. Thus, the passing loss 
difference of both circuit is attenuated and even when desired attenuation 
is different, the matching design with circuits before and after the 
attenuator is easily executed. 




LEGAL STATUS 

[Date of request for examination] 

[Date of sending the examiner's decision of rejection] 

[Kind of final disposal of application other than the examiners 
decision of rejection or application converted registration] 

[Date of final disposal for application] 

[Patent number] 

[Date of registration] 

[Number of appeal against examiner's decision of rejection] 

[Date of requesting appeal against examiner's decision of 
rejection] 

[Date of extinction of right] 

Copyright (C); 1 998,2003 Japan Patent Office 



http://www19Jpdl.ncipi.gojp/PA1/result/detail/main/wAAAkvaWRIDA 2005/03/17 



(19)B#B^fFJf (JP) 02) & 1 # |^ ^ # (A) <U)1MWiM»W#* 

#^¥9-46176 

(43) ^HB ¥^9^(1997)2^140 



u n Q u n to A 
nu on 11^ £fk 


0701 — C T 
Of »51 □ J 


un 11 /24. "R 
n u 0 n 11/ 1 i-> 

»*«©»3 OL (451) 




#H¥7- 191947 


(71)ffl®A 000006013 








(22)mffiB 


¥/£7#Kl995) 7 £27 B 


JfCSCfmSfflKAOrt-TS 2 # 3 






(72)56W# 5SEJH 391 






Jfc^=fftffl[£*LCDrt=TB2#3# = 












(74)ft3A #3± Sffl W3«) 



(54) [SgWO^Sffr] «S§§ 



(57) [«»] 




1 :Sl©FET 

2 : ftitfi 

3 : & 2 OF E T 
4 :S3©FET 

5 : fgttl 

6 : AflSS^ 

7 : tfcfiJS^ 



(2) 

1 

[11*31 i ] F u A >isi v -^mwyjicifr i ©is 

fcSH2©FET4£, AtH^^M^^SSCmo-C. 

-xH»c . SB 3 ©JSta*«ayiJ«:SN* 3 tifciTOIElK 
£. Sfft2»l©FETi»2©FET©&«b£K:. AW 

u Buia^i^e.^3©FET©#^©y- fs@jc^ 

T *aiJE£EPfl[rf **K£JMt L tc C 4 gftlk 4 T & 
[»3j9«2] f)IB^l©FET*^^ttHuiem2©F 

etov- xm®&<>* f w >nm&, 'PU < 4 i>— & 

-X^ffi^-i?->Sfc«FH , >^ffi>'^->© ; 5^— 
%(D'J?te< ti>— #Ji(±©^@^£->4. 1feM<D'pU 20 

[89*13 3 HUie^l©FET*5C>«H?rfe^2©F 
E KDV-^liSO 1 KU-f >m%*> 5 > ii>£c < 4 :£ 

i«T*ot, C*a6J§3^i#©V-xm@^£->4 

f w >^@>'^->4©r B ^©— mar- t-nm^z 

->*B2«l/t:FETaJ*0fiST-5tft«:. gl&V-X 
£ - > 4 F \<4 * - >BJ«:ffiJS* JgfiR U 

r «fSB» 1 ©JSta* 6 I >KiHB& 2 ©ffiSi iLfcCi4 30 

««4-r*ffiwoa i fasoaaas. 

[&i8©i$lffl&i&Bj§] 
[0 0 0 1 ] 

[ ^*±© Wffl^Sf ] C ©f6Bj « . v^d?p$SH>5 'J 
[0 0 02 ] 

4ur«. wu*x-f F^^>^4Pf«n^a5(c 

[0 0 0 3 ] »1«S1©FET, 3«^2©FE 
T. 4iJf 3CFET, 18(if4©FET, 1 9«S 
«£&tM£. 2 0ttJSK-C*0. A*^6CC^1©F 
ET 1 ©KU-/>112 2 aRi>^2©FET3©h* U 
2 baWSttSti. tH^»?-7(CB»3©FE 
T4©KU-/>li2 2 cSV$4©FET 1 8©FU 

j>mm2 2 d«^nti^„ ^2©fet 

3©y-Xlt2 1 b 4^4©F ET 1 8©V-Xii 50 



#lfW9 - 4 6 1 7 6 

2 

2 1 d<b©racc«. 1 9tmm$tx. mi 

©F ET 1 OV-Xfl2 1 a if 3©F ET4©7- 
X^@2 1 c4©Pa1«:«,- fSia2 0*5^5 tlTC^S. 
ifc, 2 3tt#FET©y-Htt?*S. 

[0004] <XtcSf*©^S©«rf^*ia 5 *ffli»rsi 
TOT*. — J§&tc. F E T©y— Kc 0 [V] 

S 4 v - X SSRg ^ > f - X « JSlntt ©<g -f > f - 
^>Xi^^> 0 jgK:. FET©y-hKf>f*7lE 

+B^©^" -C TXSEEfcEPfln-r-5 * F E Tt**7tfc«4 
«3. FUW>4V-xp B T-Y>h--^>X«gStt©iS-1' 
>t-y>X4&-5> 0 C©#t££*UfflLTFET£SSJa 

igfs -mc#t urx ^ ^4 urfijfflf-sc 4#-c£& <> 

F E TOfgy- HifiK«# L-tfc <0 . ^ffl^jg^tC 
lEDr : P*3fM©ffi4-r^C4 *i oJtg-C* £ . 
[0005] $-T. Il©FETlMf3©FET4 
©y-Mi2 3a. 2 3 ciCf>^^-7^E*EnttI 
U «2©FET3MS4©FET18©y-hSi 
23b. 23dCC0 [V] £EPttrr-54. f 1©FET 
l©FW>«ffi2 2 aiV-Xli2 1 aP^SO'^3 
© F E T 4 © F U-T>m@2 2 ciV-X^i2 1 cPa"! 

S2©FET3©FU-f>ll2 2 b iV-X162 1 
bMI4©FET 1 8© FU-C>mffi2 2 diV-X 
^@2 1 dHttffiln14©<g^>t-#>X 
4^-5o C<D«38rc. A77ST6 ctOA77-r^«^ff 

^>t^S4^oTC^SI2©FET3. 
^S§1 9SM>«It?£- 3 tt,»^4©FET 1 8?: 

[0 006]^CC. f 1©FET1SD : I3©FET4 
©y-Mi2 3a. 2 3 ctCO [V] £E[7flnU »2 
©F ET37iD t ®4©FET 1 8©y-Hi2 3b. 
2 3 d&tt^^mffi^EPttrr-^. ATJ^ej:^ 

ET1. iSJn2 ORO-^->tfc@.4^^r(,^03©F E 
T4?:M®L.rm77^T7 cfc0ffi77T^>„ C©4#©A 
TJiS^- 6 *^ 6 W77^^ 7 £ T-©i8iMI&{i-^©»3fci)SS!S 
«, ±l2©»»eMi^SS 1 9?raML/c*i^©jiia^* 

menu, mmmmm&i 94^2 04©aia«^n 

^t^HOf 3 ft/c C 4 tc^c -5,. 

[0 007 ] C©i:-5iC. ilA^®4©FET©t> 
tt»t*7!ttt»%. y-h«ffi2 3«cElttD-r*«EK:«fc 

■jtww -5c 4(cj: 0. iisja?6m#©ajiisss*^ 0 

[0 0 0 8 ] 



(3) 



- 4 6 1 7 6 



* 



10 



20 



*o/c„ Etc. a*eaaws^»ffi!a©«r«tc^fiS3tis 

cooo9] c©»m*±ffi©j: 5ttSH*»ft-r5ffc 
totc%snfc4>©-c. /j^-csaH-©ss&«jfg*»s 

CO 0 1 0 ] 

*fc»©*UH c©«iPI©3Wfcfll 1 K «fc 
^miC^tB, ^a*^JCC»ffifbA:» 1 ©F E 
T th&ffi&a&UCCggffi 0A:» 2(DFETi Srit^C&M 
Ofc@B*AU#«*ISA^K{c#OiB^JKiBBU 

mkt-m 3 ©f e t t ic j; aia?!iiaK*Aa*«i**SA 

*iKI8«:*fl/M5>J«:lsao-CTS0K*«fiSb. cftfc 

[00 1 l]$fc. C©«W©5IJ|[«2{ci*jSasS«: 
feOTtt. F E T«c£#J«c^SftS«aft©Affl;*7iS* 
«fi»-£*UB'<*->*. FET©}g3^tt«:?f^3ti 

[00 12] Sfc, C©»93©Htt«3«:«tSS»ES«: 
*Jl»TB. F E T£J&?£T5*§3£MK©V-;*Sffi^£ 

- > i k u -< >mm^ * - >4 ©raw©— wk: y- f- « 

[0013] 

< ttityijK^fStlfcF E T©y- hm@{C0fffi©^W 
TXmffi^EnfiO It F E T©* >^<b * 7 Rfi©« 

ft 4 T3>«g[II8§ £ s^ss* £ . 

[oou] sfc, c<DmM<Dmnm 2 (etna, fe 
t icmmcmss 3 ft zmmcDABitiffizwm? zm&'-< 

-saaB'-** ->* v-w k u -y >©bi 

l00R2 



30 



[0015] C©*M©HJ6W3 KJ:ntf . F E 

T©y-xii/^->i FtW>m@^£->£©lin 
«©-»«:. ffiJS*S8WA:Ci«cJ:«5. JS!S©Ata*iB 
*3&RST **H8^ * - >* V -XM K U -T >© 

[0016] 

mmm 1 . «T«cc©£wi©iw« 1 zmic^-cmw 

0{Ctel>-C . Kill ©ffiin 2 a *s3fe?iJ{C$|^f3 ftfclg 

1 © F E T . 3 tm 2 ©ffiin 2 b *S£*RcKff 3 ftfclfl 

2 © f e t v 4 «sn 3 ©stn 2 c tmmcmm 3 ft/tin 

30FET, 5 

[0017] o^cc, s 1 ^m^m^c-o^xmn-t 
z>. wk<ommm-cmMLtc^ i ?ic x f e T©y— fs 
®c Eittn-r *«E%w»r ^citFET^t^ti 

^•7tfc^C^x.€>C<t^-C*S <> I1©FET 
1, ff!2©FET3£:i->t*3igK:U »3©FET4* 
* 7 #38 if Si. FEW>^TBFETm 

«c<s^>e-^>^4tt»3 mmmmmtF e Tfflij£jijt 

U -Jt 7 F E T^l > f - i ^ s 
3„ £oTC©£S©jj»S©SHfflElKtt. f3©FE 

t 4 *sa# 6 i masa^ 7 i zm&^mmczi u -t 

PfJ£fc« i Jl£-l± * >tK«T© FET ©Staff** 
-BHc/h3(.»iL-C*«T*i«H2 (a) ©^ffiHSgi 

[0018] ■o*-(c > ®1©FET1, I2©FET3 
^7tfct(Cb. J&3©F ETA%:*ZsVt.mt?Z><, C 
©i^©«*S©^ffi[HlS§«. *>ttftf©FETOfi 
iKm&+'frlC/b£ ^ £ br#BSt-n«^ 2 ( b ) ©J: -5 
tcS5 1 ©J6Ct2 a . IS2©ffiSi2 b&c>'lfl3©&in2 c 

«:«(: 0 ts2«*[5]ss£ urf^fflt-^. c©»^©^a 

L«. Hll©ffiln2a. ^2©ffi5i2 b©iS6tffl*ftCc 
Rl. ^3©ffi!n2 c©S!n{il^R2 <fr4a«i!tl r^- 

[0019] 
[ftl ] 



IO0(Rl + R2)+R1.(Rl*2-R2)+5O z 



CdB) 



[0 02 0] — UWjQrfi^^rftSAU^-f > 
f - 502i btcm£(DR 1 i R 2 ©M^«^2 

[0 02 1 ] 
[K2] 



R2 = 



50 2 -Rl 2 
2-RI 



50 



[0022] C©J:^K, FET©t>ttiit7ttiS 



5 

#t?tRl. R2©ffl*»lSiy f »2*j«Jlf*-ffii-r*l 

[0 02 3] IWJ 2 . 0 3 » C ©»9J©ISttW 2 &jjk 
?ffimm-C<Sf> «J . IWJ 1 Tl^BJ Lfr0 1 1 (Oi&tn 
2 a#Wn3tlAJ|ll CDF ET 1 

HKtsur^ i cdf e t i ©s&w&k. mmm<o f 

W>He^£->8 £> Rlt;<JSfflH£K*0;teV-X 
tHA$->9i% JSifc^JgXMtftc IES L> , F U ^ > 

£ -> 8 £ V - XlfA £ - > 9 £ CDPaltC y- h 10 
1 0£iegL,fclf®£fc->-t<,>£. 

y- h«^^-> i owtiatc&iKSftfr-^BPGcsi 

* - > 1 0 £©£!£• • TgfcfciSW *fc«>. 5> 
1 1 a£:ftOTffe©FET£©8M&'*#--> 1 5 bfcjg 
iStitOS. £/c. 1 6(*il {C*»W**l©ffi!a2 
aK:ffii!jT£Saftf*-C*»K C ©ffitxf* 1 6 fcHft?m 

gg^£-> i 4ic£<om\ ©F et i cc^^nri^ 

•5. 

[0 0 2 4] NHFfllttfg'<»->i 4a«. FU4>* 20 
fl^<jr->8 aCD5fe^gpccg^3n. 
>14bit V-X^|ffi^'^->9 aCD^SPJCxry 

gSnri^1fi^CDFH'>m@^'$->8 £ -5 LSrX 

[0025] «±©<t 5fc«j6i-rn«. m*.t£m*m 

1 4*. ITOinFETi©JStl^*-> 
15aM15 b^eflffim^fCtb^^ MmBtttt'* 30 
£-> 1 4©Jf»8£&flftri3< r*3fc«>EiB±/J>SMfc 

1 4 fc# ; 5«£^>yi' 

««-r*FETtc«fifsti*iairs4© 

[0 02 6] CCCB, mi*P<Dmi<Dmji2 atmic 

U V-^^i-'^->9£'U ; &i7'7' l J'?yi2(C 40 

«±£, V-X^@^-r5f->9©^< ££> 1#U(±£ 
[0 027 ] 3 . i4«C ©»!B©!6S01 3 £m 

-riPissHT** rj , ust^ij i -ewm otcm 1 1 ©iect 

2a*«3nfcilOFET 1 *jp-r«Sit*5„ 
04ic*jt,^r. 1 7 a»KW>m@> K £->8 atV 
-XliA-^->g a £©5SHcy- hmH^"£-> 1 0 50 



W&W-9-46 1 7 6 

6 

>^ffi^"£->8 c <b V-*mH^'£->9 b £©ffltc 
y- h l o b*jfcfiSl.;te*2©FET-fert' 

-C&5„ £/c. 1 6ttil<DFETtJH 7 a£SI2© 
F E T-b^ 1 7 b CC^StiS^-C^fiX^tirt^igtni* 
C©JB£i<* 1 6 «. «H=-fflli»''«*-> 1 4 £ 
X77U yyi 1 biKJ:0S?iR^*-> 1 5£gil$ 
ftTt»S. C©<fcMt. F ET©F*ggP(cJgCxftl 6^iE 

E«cjs<-rsc ffim$s±Lxmc'mi>-5im 

[0 02 8 ] JW±. HifiFH 1 *>e>jU&i^3 * r©inssif§ 
ft ffllt t>5 F E T©llff {CfcC>-Ctt. FET£1fj& 

•f •& y-xiii «mmwici?ffi%aii^ 

[0029] h«c. mwm i tii i &«tes©Ta«*@ 

-So 

[0 03 0] 

[»w©S»*l t©^«fcLh©cfc^ctij&3ftTu£ 
©r. inTicim-r zz^rmm^z. 
[0031] c<zmw<omt&w 1 tcjrntf . 2&sig§©*?t 

J&£iIii[5!S§£ TSjH*[slS§£ 4FE T%«l>-C«BftA 

fife© HISS £ ©fi^KStasgS K "C # -5 . 
[0 03 2] C(DmM<Dmmm2 (C .fctitf. F E 

t (c mi cc&ft $ n s set© Aaj^^f^ * am/'? 
^->^5Q<ieg-c*^ c fc i 5fcu/c©-e. @K*/j^b 

l c £ r . ja«a»!i$tt©ii>«c t >m&momttfi °m £ 

[0 03 3] ifc, C.<D&W<D-mflM3ic£.mZ. FE 
T©^gI5CCtSin ; S:?f^-r-5.C£-C 1 F ETCC^»JtC*» 

ttUEg'* ^ - > £C J: -f> y ^ ZMtimm 0 tc C £ 

■e. a«»«ftt©ii>tti>a»s©ssh*«w«Bia*. 
[Ha©w#«ctt"«] 

[01] c©^cD^f?!) i tmriaisia'c**. 
[02] c <D§tw<Dmifam i ©«rf^*sftwr -siassa 

[S3] c<Dmw<Dmmm2*7ik-rm&m-ci!bz. 

[04] C©lfei!8©3Qfe0ll3*7j%r«aiH-C*4. 

[0 5] fie*©«ais*m-riBi«5ia-c**. 

1 SIOFET, 2 $S*x. 3 fH2©FET. 4 
S3©FET, 5 mm. 6 A^ifiHF-. 7 W^JS 



(5) 



1 7 6 



s 



8 FH'>ll^^->. 9 y-xii;^- 
>. 10 y-h*ffiA^->. 11 X7?'J 
12 ir^'J 13 iT^'Jr^, 14 JS^f- 

1 5 1 6 Jgtnf*. * 



* 17 FET-feJk 18 Jft4©FET. 19 £$£ 
^fllBS. 2 0 ffiK. 2 1 V-Xfg, 2 2 Kb-f 
;. 2 3 y-h«ffi. 



[an 



2b 



n? 



T 1 - 



2c 



1 : JIIOFET 

2 : flitt 

3 : ® 20>F E T 

4 : » 30F E T 

5 : mm 

6 : AflflS^P 

7 : tiiflSfi* 




[02] 



L 



Cb) 



2a 



2b 



[05] 



[03] 
16 



sap* 



Q 



»5a 



9a t3 




Ma 



!5t 



8c 8t) 9b 



ft 



io 1 1 a 




